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ABSTRACT 



A stereophonic binaural recording and reproduction 
method fpr audio signals presented to headsets. Signals 
of the left stereo channel are supplied to the left ear. 
weighted with the outer ear transmission function of the 
\tft ear for the angle range of between 0* to 45' to the 
lieft of the median plane, and to the right ear, weighted 
with the outer ear transmission function of the right ear 
for the iuune angle range. Additionally, time-delayed 
signals of the left stereo channel are supplied to the 
right ear, weighted with the outer ear transmission 
function of this ear for the opposite angle range, 
wher^ the delay is markedly outside of the time range 
of the sum localization and of the audible echo. The 
signals of the right stereo channel are supplied to the 
right and left ear in the same manner but mirror- 
inverted relative to the median plane. Any necessary 
equalizations of the amplitude-frequency characteristic 
are carried out without influencing the time structures 
by means of linear phase digital filters on the outer ear 
transmission functions. 

5 Claims, 2 Drawing Sheets 
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ble a clear and conect localization of certain sound 
STEREOPHONIC BINAURAL RECORDING OR sources. 

REPRODUCTION MFIHOD SUMMARY OF THE INVENTION 

BACKGROUND OF THE INVENTIONT 5 In accordance with the present invention, the signals 

of the left stereo channel are supplied to the left ear, 

1. Field of the Invention ^ ■ ^ weighted with the transfer function of the external ear 
The present invention relates to a stereophonic binau- ^^^^ j^^^ ^ ^^^^^ 45. 

ral recording or reproductoon method for audio signals ^^^^^ ^^^^ ^ 

presented to headsets, jq weighted with the transfer function of the external car 

2. Description of the Related Art of this ear for the same angle range. Additionally, time- 
Many stcreophomc recording and reproduction delayed signals of the left stereo channel are supplied to 

methods seek to provide at the audiotory location the n^ht ear, weighted with the transfer ftinction of the 

true auditive originality of the listening event prevailing external ear of this ear for the opposite angle range, 
at the recording location. 15 wherein the delay is markedly outside of the range of 

German Offenlegungsschrift 31 12 874 describes one the summing locj&lization and of the audible echo, Le., 
of the metthods for reproducing a sound recording and between 5 nis and 80 ms. The signals of the right stereo 
a device for carrying out the reproduction. This method channel are supplied to the right and left ear in the same 
makes it posuble to obtain a sp^tiaj soimd repr^ manner but mirror-inverted relative to the median 

which is perceived to be very natural, particularly 20 plane. Any necessary equalizations of the amplitude-fre- 
when headsets are used as the reproduction device. The quency characteristic are carried out without influenc- 
method is based on supplying the sound recording to ing the tiihe structures by means of linear phase digital 
the reproduction apparatus through a reverberation filters on the respectively used outer ear transmission 
producing unit which produces reverberation reflec- functions. 

tions within a period of time of approximately 50 ms 25 The essence of the invention resides in that locating 
after the direct sound pulse has arrived. The reverbera- certain sound sources within an auditory space is pri- 
tion reflections are produced in time intervals, prefera- manly possible because, during the processing in the 
bly over 2 ms, such that they are still perceived by brain of all individual sound events perceived by the 
perceived by the listener as individual reflections of the first reflection from the mirror sound source is 

strong sound. At least some of the individual reflections ^ of particular significance. 

consist of two pulses which arc separated by a direct Generally, hearing with respect to direction and dis- 
sound pulse from a channel of the sound carrier. The ^^e is acoustically determined on the basis of the 
first of these pulses is emitted through a channel of the transfer function of the external ear. For the final deter- 
reproduction apparatus which is assigned to tiie corre- direction and distance, the brain addition- 

spending sound carrier Channel and the second pulse is 33 ally uuhzes m the n^er of a computer the optical 
somewhat weaker and is emitted with a time delay of "^pressions received by the eyes, as well as rotatmg 
approximately 0.2 ms to 1 ms, preferably to 0.63 ms, movements, tipping movements and probing move- 
relative to the first pulse through the other channel of determme the actual 
the reproduction apparatus, wherein the reverberation spatial-acoustic situation. Added to this may be already 
reflectibns are attenuated in dependence on the sound 40 existmg known facts concermng the signals. In order to 
freauencv pi^cc all these perceptions m logical relationships, the 
The abovemescribed method, which is also caUed requires a long-term storage and a short-term 
real time stereophony, is based on the recognition that ?°'!f ^ ^^^'^''^ short-term storage is always ad- 
^ndfieldT^Sy b^^^ justed to the newly prevailmg actual situation. When 
" / 45 contradictory perceptions occur, for example, when the 
spatial distnbution to a listening room which differs ^ impres^on does not coincide with the spatial 
from the.recordmg room. Particularly m the case of ^^^^^^ ^^^^ i„ rear. This 
headset reproduction m which no acoustic listemrig ^c expkiinable as a certain protective function of 
room is mvolved, an electroacoustically reconstructed the perron 

sound field must be presentedin accordance with psy- ^ accordance with the invention, a normal sound 
phpacousuc corisideratipns. The sound material used recording existing for stereophonic loudspeaker repro- 
for this purpose isspatudly defined at least with respect ^j^^tion is presented through headsets as closely as pos- 
to Its recordmg. Thus, this method makes it possible to 5,^1^ original if, in addition to the dircctiy arriv- 
obtain in the reproducuon a remarkable spatial effect j^g a^dio signals of the two channels on the left and the 
and exceUent transparency of the sound occurrence, 55 Hght, additionally the sound which is reflected having 
primarily of the music occurrence, because the essential once encountered one of the walls enclosing the 

sound which is reflected having first once encountered room and then finally having encountered more than 
one of the walls enclosing the room and then finally one wall is reconstructed, but weighted with the direc- 
haying encountered more than one wall is recon- tionally dependent transfer fUnction of the external ear. 
structed in the acoustically correct time interval with w The integration of the transfer function of the external 
subsequent reverberations. Ho>ycver, this method does ear over all spatial directions results in an approxi- 
not solve the problem of incorrect localization of the. mately flat amplitude frequency response at the ear. 
auditory event However, such a complex reconstruction is practically 

It is. therefore, the primary object of the present impossible. Therefore, a simplified configuration must 
invention to provide a method for the stereophonic 65 be used. 

biiiaural recording or reproduction of audio signals This significantiy simplified configuration, which 
which provides the true auditive originality at the audi- ensured correct and accurate results, was obtained from 
tory location and which, most importantly, makes possi- a large number of listening tests. Tliis means that it is 
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only necessary to supply to each car three different ences and, thus, reinforces the total effect of the method 

audio signals in order to guarantee a listening event of the invention, or it can also be used signal-related for 

which is true to natural origin. regulating the base width. 

In accordance with a further development of the . Finally, another further development of the invention 

invention, the necessary equalization is carried out as an 5 provides that the left stereo signals supplied to the right 

inverse linear-phase sum formation of the transfer func- car, weiightcd with the transfer function of the external 

tion of the external ear for each ear. earof the right ear for the angle range of 0' to 45* to the 

In order to ensure the true auditive originality, two left of the median, plane, and the right stereo signals 

further problems must be especially tiaken into consider- supplied to the left ear, weighted with the transfer func- 

10 tipn of the external ear of the left ear for the angle range 

1. The equalization or removal of distortions of the of 0* and 45* to the right of the median plane, arc of- 
prescnled audio signals, and fered together with the already originally always time- 

2. Any individual references in the transfer function delayed signals, within the above-mentioned time 
of the external car of different persons must be taken ranges altcmatingly in pairs with different delays, 
into consideration. ; ,15 The differences in the time delays of the individual 

Since audio signals arc presented to each car only stereo signals take into consideration geometric asym- 
from three diriwrtions. the sum of these signals do not metrics of the human head and of the listener relative to 
result in a flat ainpUtude frequency response, the very his location within a room which is surrounded with 
diffcrcht frequency response with respect to the ampli- walls. This best realizes the naturalness of the presented 
tudc pattern rcsulte in distortions ofthc tone color. This 20 listening event. Particularly favorable delay times for 
problem is solved by summing the transfer function of the intcraural signal portion have been found to be, for 
the external ear for each car and subsequently multiply- example, approximately 0.3 ms for the left ear and ap- 
ing each individual outer ear transmission function with proximately 0.4 ms for the right ear. The corresponding 
the inverse linear-phase sum transfer function of the delay times of a mirror sound source are then to be 
external car. As a consequence, the following is 25 selected at approximately 27 ms for the left ear and 
achieved: First, the tone colors arc maintained because approximately 22 ms for the right ear. Other combina- 
the sum of the amplitude frequency response is even tions are conceivable, however, they will depend on 
and, second, the phase structures and. thus, also the time individual conditions, 

structures of the audio signals are not influenced, so that The method according to the invention can be used 
especially the directional hearing in the forward angle 30 on the recording side as well as on the reproduction 

range of ± 60* (to the left and right of the median plane) side. Some questions must still be solved with respect to 

b not influenced. the compatibility of this method with the production of 

The problem of differences between individual per- the presented audio signals through loudspeakers, 
sons cannot b^ completely solved. The linear-phase The various features of novelty which characterize 
equalization of the transfer function of the external ear 33 the invention are pointed out with particularity in the 
equalizes the individual variations of amplitude fre- claims annexed to and forming a part of this disclosure, 
qucncy characteristics. However, the differences are For a better understanding of the invention, its operat- 
maintain^ in the individual phase structures. Accord- ing advantages and specific objects attained by its use, 
ingly, the only choice is to use the transfer function of reference should be had to the drawing and descriptive 
the external ear ofan "average person" who is as rcpre- 40 matter in which there is illustrated and described a 
senutive as possible or to offer the transfer function of preferred embodiment of the invention, 
the external car of "different persons**. The fmally re- 
maining reference to the choice which comes closest to BRIEF DESCRIPTION OF THE DRAWING 
the individual listening behavior can only be compen- In the drawing: 

sated by means of the individual listener's learning capa- 45 FIG. 1 is a schematic view of the listening conditions 

^^J^' in a closed, reflecting room; 

Of course, the best listening results are obtained with FIG. 2 is a schematic view of the sound portions 
the "own cars", i.e., using the own transfer function of required for hearing with true originality; 
the external ear. In a practical listening test it was found FIG. 3 illustrates the audio signals required for hear- 
that test persons were unable to distinguish any longer 50 ing with true originality through headsets; and 
during hearing with "other ears" with fixed heads FIG. 4 schematically illustrates the audio signals to 
whether the audio signals were presented through loud- be offered to the ear in accordance with the present 
speakers or headsets. While front/rear direction invcr- invention, including the means required for carrying 
tions did occur in the loudspeaker presentation as well out the method, 
as in the headset presentation, the known localization in 55 

the head did not occur in any of the cases. DESCRIPTION OF THE PREFERRED 

In accordance with an advantageous feature of the EMBODIMENT 
invention, the left stereo signals supplied to the right In the drawing, FIG. 1 shows the sound conditions 
ear, weighted with the transfer function of the external existing during stereophonic hearing in a closed room 4 
ear of the right car for the angle range 0' to 45' to the 60 which is provided at sound-reficcting waUs 4'. Sound 
left of the median plane, and the right stereo signals waves or audio signals emanating from the left loud- 
supplied to the left car, weighted with the transfer func- speaker L reach the left ear and the right ear of the 
lion of the external ear of the left ear and for the angle listener H on the direct path 1, 2 as well as through 
range .0* to 45* to the right of the median plane, are also reflections of the auditory space 4 at the walls, floor and 
subjected to a time delay which may be up to a maxi- 65 ceiling. The same is true in the same manner and simul- 
mum of 700 taneously for the right loudspeaker R. Each direction is 
A time delay of the above-mentioned audio signals weighted with the respective transfer function of the 
has a supportive effect on the intcraural signal differ- external car. The portion of the lateral reflections and of 
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the reflections from the ceiling essentially impart the 
spatial effect,, and the primary signals arriving at the car 
directly from the two loudspeakers impart the direction 
from which the presuincd ^und event emanates. In 
accordance with the law of sumnung localization and 
the first wave front, the car performs the directional 
interpretation. 

However, in accordance with the invention, the first 
reflection from the, direction of a mirror sound source 
laterally ftoxn behind or entirely 'from behind plays a 
very important supportive roll for the directional hear- 
ing. The entire transfer function of the external ear. is 
integrated by the ear over all spatial directions as a flat 
amplitude frequency response. Such a complex recon- 
^ struction is almost impossible in practice. Therefore, the 
naethod of the present invention utilizes a significantly 
simplified configuration of those sound portions which 
contribute significantly to the directional hearing. 
FIG. 2 of thie drawing shows the sound portions 
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left ears, but mirror-inverted relative to the median 
plane 7. In this case, the time delays are denoted by r'j 
and r'3. 

The directional orientation is increased by presenting 
the individual time delays unevenly in pairs. For exam- 
ple, ra may be selected at 27 ms and ri may be selected 
at 0.3 ms; in this situation, it would be advantageous to 
select t'3 at 22 ms and r'2 at 0.4 ms. 

It would not be useful to present another time- 
delayed audio signal, which would simulate a mirror 
sound source as a first echo, to the left ear in addition to 
the right ear and vice-versa, because this additional 
audio signal leads to acoustic blocking of the ears and, 
thus, renders the effect obtainable with the method 
ineffective. FIG. 4 does not illustrate the necessary 
linear-phase equalization which maintains the tone col- 
ors aiid leaves uninfluenced the phase structures of the 
outer ear transmission function. 

While a specific embodiment of the invention has 



wWchdgnificantlycon^^^ 20 y^^^ and described in detail to Ulustrate the 
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rate hearing. A iound event radiated by the left loud- 
speaker L reaches the left ear. on the shortest possible 
sound path 1 ztd a sound event radiated by the right 
loudsp^er R reaches the right ear on the shortest 
possible sound path 1'. Due to the interaural time differ- 
ence and distortions, resulting from the head, the signal 
of the left loudspeaker L reaches the right ear on the 
soiind path 2 and the signal of the right loudspeaker R 
reaches the left eiar on the sound path^'. Thus, the laws 
of summing localization and first wave front are met. 
However, this does not clearly guarantee the direction- 
ally accurate hearing, primarily in live rooms. The di- 
rectional accuracy is only ensured with the third signal 
3, 3' provided according to the present invention which 
corresponds to the reflection from a mirror sound 35 
source. 

When the^ three signals are offered to the ear 
through headsets 8 weighted with the transfer function 
of the external ear of the respective directions, as shown 
in FIG. 3, wherein the three, essential signals for the left 40 
and the right ear are again denoted by reference numer- 
als % 2', 3' and 1', 2, 3, respectively, the problems of the 
correct equalization and the individually different trans- 
fer function of the external ear of different persons must 
not be disregarded. 45 
. The method according to the invention for prevent- 
ing stereophonic binaural audio signals through head- 
sets is illustrated in FIG. 4. Initially, the audio signals of 
the left, stereo signal L is directly suppliied to the left ear, 
weighted with the transfer function of the external ear 50 
of the left ear for the angle range 0* to 45* to the left of 
the median plane 7, as denoted in FIG. 4 by box OTF 
which includes the arrows showing the appropriate 
directions. The same audio signal reaches the right ear 
through two time-delayed branches. In one of the 55 
branches, the time delay ri is a maximum of 700 pis, 
wherein the audio signal is weighted with the transfer . 
function of the external ear of the right ear for the angle 
range 0* to 45* to the left of the median plane 7. This 
branch takes the interaural heariiig into consideration. 60 

In the second time-delayed branch, the delay times ri 
are between 5 ms and BO ms, weighted with the transfer 
function of the external ear from the opposite angle 
range for the right ear. The weighting with the corre- , 
sponding transfer function of the external ear is indi- 65 
cated in the drawing by the boxes OTF showing the 
appropriate directional arrows. The same is true for the 
audio signal of the right stereo signal R for the right and 



application of the inventive principles, it will be under- 
stood that the invention may be embodied otherwise 
without departing from such principles. 
I claim: 

1. A stereophonic binaural recording and reproduc- 
tion method for audio signals presented to headsets, 
comprising supplying signals of a left stereo channel to 
the left ear of a listener, the signals being weighted with 
a transfer function of the external ear of the left ear for 
kn angle range of between 0* and 45* to the left of a 
median plane, and to the right ear of the listener, the 
signals being weighted with a transfer function of the 
external ear of the right ear for an angle range of be- 
tween 0* and 45* to the right of the median plane, sup- 
plying additional time-delayed signals of the left stereo 
channel to the right ear, the additional signals being 
weighted with a transfer function of the external ear of 
the right ear for the left angle range, wherein the delay 
is substantially outside of the time range of the simmiing 
localization and of the audible echo, and supplying 
signals of a right stereo channel to the right ear of the 
lisitener, the signals being weighted with a transfer func- 
tion of the external ear of the right ear for an angle 
range of between 0* and 45' to the right of the median 
plane, and to the left ear of the listener, the signals being 
weighted with a transfer function of the external ear of 
the left ear for an angle range of between 0* and 45* to 
the left of the median plane, supplying additional time- 
delayed signals of the right stereo channel to the left 
ear, the additional signals being weighted with a trans- 
fer function of the external ear of the left ear for the 
right angle range, wherein the deby is substantially 
outside of the time range of summing localization and of 
the audible echo. 

2. The method according to claim 1, wherein each 
time range is between 5 ms and 80 ms. 

3. The method according to claim 1, wherein neces- 
sary equalization is carried out as an inverse linear- 
phase sum formation of the outer ear transmission func- 
tion for each ear. 

4. The method according to claim 1, wherein the left 
stereo signals supplied to the right ear, weighted with a 
transfer function of the external ear of the right ear for 
the angle range of 0* to 45* to the left of the median 
plane, and the right stereo signals supplied to the left 
ear, weighted with a transfer function of the external 
ear of the left ear for the angle range 0* to 45* to the 
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right of the median plane, arc also subjected to a time 
delay of up to a maximum of 700 

5. The method according to claim 2, wherein the left 
stereo signals supplied to the right ear, weighted with 
the transfer function of the external ear of the right ear 
for the angle range of 0* to 45* to the left of the median 
plane, and the right stereo signals supplied to the left 



8 



ear, weighted with the transfer function of the external 
ear of the left ear for the angle range 0" to 45* to the 
right of the median plane, are altematingly offered, 
together with the time-delayed signals, within said time 
range with different delays. 
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